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1 Introduction
In 1997, when the ruling paradigm was a dark matter dominated and dece-
larating universe, the author proposed a model of a dark energy filled accel-
erating Universe with a small cosmological constant. In this model, the Zero
Point Field, played the role of what later came to be known as dark energy.
Moreover, in this theory, the empirically well known but otherwise inexpli-
cable, so called Large Number relations, including the mysterious Weinberg
formula were deduced as consequences, rather than being ad hoc miraculous
coincidences [1, 2, 3, 4, 5]. In 1998, the observations of Perlmutter and others
on distant supernovae confirmed the above scenario - this work was infact
the Breakthrough of the Year 1998 of the American Association for Advance-
ment of Science’s Science Magazine [6, 7, 8]. Subsequently observations by
the Wilkinson Microwave Anisotropy Probe (WMAP) and the Sloan Digital
Sky Survey confirmed the predominance of the new paradigmatic dark en-
ergy - this was the Breakthrough of the Year 2003 [9].
We first observe that the concept of a Zero Point Field (ZPF) or Quantum
Vacuum (or Aether) is an idea whose origin can be traced back to Max Planck
himself. Quantum Field Theory attributes the ZPF to the virtual Quantum
effects of an already present electromagnetic field [10]. What is the mysteri-
ous energy of supposedly empty vacuum?
It may sound contradictory to attribute energy or density to the vacuum.
After all vacuum is a total void. However, over the past four hundred years,
it has been realized that it may be necessary to replace the vacuum by a
medium with some specific physical properties. For instance Descartes the
seventeenth century French philosopher mathematician proclaimed that the
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so called empty space above the mercury column in a Torricelli tube, that is,
what is called the Torricelli vacuum, is not a vacuum at all. Rather, he said,
it was something which was neither mercury nor air, something he called
aether.
The seventeenth century Dutch Physicist, Christian Huygens required a non
intrusive medium like aether, to enable light waves to propagate through it,
rather like the ripple waves on the surface of a pond. Hence the word luminif-
erous aether. In the nineteenth century the aether was reinvoked. Firstly in
a very intuitive way Faraday could conceive of magnetic effects in vacuum
in connection with his experiments on induction. Based on this, the aether
was used for the propagation of electromagnetic waves in Maxwell’s Theory
of electromagnetism, which infact laid the stage for Special Relativity. This
aether was a homogenous, invariable, non-intrusive, material medium which
could be used as an absolute frame of reference, atleast for certain chosen
observers. However the experiments of Michelson and Morley towards the
end of the nineteenth century, lead to its downfall, and thus was born Ein-
stein’s Special Theory of Relativity in which there is no such absolute frame
of reference. The aether lay shattered once again.
Very shortly thereafter the advent of Quantum Mechanics lead to its rebirth
in a new and unexpected avatar. Essentially there were two new ingredients
in what is today called the Quantum Vacuum. The first was a realization
that Classical Physics had allowed an assumption to slip in unnoticed: In
a source or charge free ”vacuum”, one solution of Maxwell’s Equations of
electromagnetic radiation is no doubt the zero solution. But there is also a
more realistic non zero solution. That is, the electromagnetic radiation does
not necessarily vanish in empty space.
The second ingredient was the mysterious prescription of Quantum Mechan-
ics, the Heisenberg Uncertainty Principle, according to which it would be
impossible to precisely assign momentum and energy on the one hand and
spacetime location on the other. Clearly the location of a vacuum with no
energy or momentum cannot be specified in spacetime.
This leads to what is called a Zero Point Field. For instance a Harmonic
Oscillator, a swinging pendulum, according to classical ideas has zero en-
ergy and momentum in its lowest position. But the Heisenberg Uncertainty
endows it with a fluctuating energy. This fact was recognized by Einstein
himself way back in 1913 who, contrary to popular belief, retained the con-
cept of aether though from a different perspective [11]. It also provides an
understanding of the fluctuating electromagnetic field in vacuum.
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From another point of view, according to classical ideas, at the absolute zero
of temperature, there should not be any motion. After all the zero is when
all thermodynamic motion ceases. But as Nernst, father of the third law of
Thermodynamics himself noted, experimentally this is not so. There is the
well known superfluidity due to Quantum Mechanical – and not thermody-
namic – effects. This is the situation where supercooled Helium moves in a
spooky fashion [10].
This mysterious Zero Point Field or Quantum Vacuum energy has since been
experimentally confirmed in effects like the Casimir effect which demonstrates
a force between uncharged parallel plates separated by a charge free medium,
the Lamb shift which demonstrates a minute oscillation of an electron orbit-
ing the nucleus in an atom-as if it was being buffetted by the Zero Point
Field- the anomalous Quantum Mechanical gyromagnetic ratio g = 2 and so
on [12]-[17, 18].
The Quantum Vacuum is a far cry however, from the passive aether of olden
days. It is a violent medium in which charged particles like electrons and
positrons are constantly being created and destroyed, almost instantly, within
the limits permitted by the Heisenberg Uncertainty Principle for the viola-
tion of energy conservation. One might call the Quantum Vacuum as a new
state of matter, a compromise between something and nothingness. Some-
thing which corresponds to what the Rig Veda described thousands of years
ago: ”Neither existence, nor non existence.”
The Quantum Vacuum can be considered to be the lowest state of any Quan-
tum field, having zero momentum and zero energy. The properties of the
Quantum Vacuum can under certain conditions be altered, which was not
the case with the erstwhile aether. In modern Particle Physics, the Quantum
Vacuum is responsible for phenomena like Quark confinement, a property
whereby it would be impossible to observe an independent or free Quark, the
spontaneous breaking of symmetry of the electroweak theory, vacuum po-
larization wherein charges like electrons are surrounded by a cloud of other
oppositely charged particles tending to mask the main charge and so on.
There could be regions of vacuum fluctuations comparable to the domain
structures of feromagnets. In a ferromagnet, all elementary electron-magnets
are aligned with their spins in a certain direction. However there could be
special regions wherein the spins are aligned differently.
Such a Quantum Vacuum can be a source of cosmic repulsion, as pointed by
Zeldovich and others [19, 20]. However a difficulty in this approach has been
that the value of the cosmological constant turns out to be huge, far beyond
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what is observed. This has been called the cosmological constant problem
[21].
There is another approach, sometimes called Stochastic Electrodynamics
which treats the ZPF as primary and attributes to it Quantum Mechani-
cal effects [22, 23]. It may be re-emphasized that the ZPF results in the well
known experimentally verified Casimir effect [24, 25]. We would also like to
point out that contrary to popular belief, the concept of aether has survived
over the decades through the works of Dirac, Vigier, Prigogine, String The-
oriests like Wilzeck and others [26]-[31]. As pointed out it appears that even
Einstein himself continued to believe in this concept [32].
We would first like to observe that the energy of the fluctuations in the
background electromagnetic field could lead to the formation of elementary
particles. Indeed this was Einstein’s belief. As he observed as early as 1920
itself [32], ... according to our present conceptions, the elementary particles
are... but condensations of the electromagnetic field.
In the words of Wilzeck, [29], Einstein was not satisfied with the dualism. He
wanted to regard the fields, or ethers, as primary. In his later work, he tried
to find a unified field theory, in which electrons (and of course protons, and
all other particles) would emerge as solutions in which energy was especially
concentrated, perhaps as singularities. But his efforts in this direction did
not lead to any tangible success.
2 The Zero Point Field
Let us see how this can be realized. In the words of Wheeler [17], From
the zero-point fluctuations of a single oscillator to the fluctuations of the
electromagnetic field to geometrodynamic fluctuations is a natural order of
progression...
Let us consider, following Wheeler a harmonic oscillator in its ground state.
The probability amplitude is
φ(x) =
(
mω
πh¯
)1/4
e−(mω/2h¯)χ
2
(1)
for displacement by the distance from its position of classical equilibrium.
So the oscillator fluctuates over an interval
∆x ∼ (h¯/mω)1/2
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The electromagnetic field is an infinite collection of independent oscillators,
with amplitudes X1, X2 etc. The probability for the various oscillators to
have amplitudes X1, X2 and so on is the product of individual oscillator
amplitudes:
φ(X1, X2 · · ·) = exp[−(X21 +X22 + · · ·)]
wherein there would be a suitable normalization factor. This expression gives
the probability amplitude φ for a configuration B(x, y, z) of the magnetic field
that is described by the Fourier coefficients X1, X2, · · · or directly in terms
of the magnetic field configuration itself we have
φ(B(x, y, z)) = P exp
(
−
∫ ∫
B(x1) ·B(x2)
16π3h¯cr212
d3x1d
3x2
)
P being a normalization factor. Let us consider a configuration where the
magnetic field is everywhere zero except in a region of dimension l, where it
is of the order of ∼ ∆B. The probability amplitude for this configuration
would be proportional to
exp[−(∆B)2l4/h¯c)
So the energy of fluctuation in a region of length l is given by finally [17, 33,
34]
B2 ∼ h¯c
l4
(2)
We next argue that l, the mean length of fluctuations, will be the Compton
length. We note that as is well known, a background ZPF of the kind we have
been considering can explain the Quantum Mechanical spin half as also the
anomalous g = 2 factor for an otherwise purely classical electron [35, 36, 37,
38]. The key point here is (Cf.ref. [35]) that the classical angular momentum
~r ×m~v does not satisfy the Quantum Mechanical commutation rule for the
angular momentum ~J . However when we introduce the background Zero
Point Field, the momentum now becomes
~J = ~r ×m~v = (e/2c)~r × ( ~B × ~r) + (e/c)~r × ~A0, (3)
where A0 is the vector potential associated with the ZPF– for example if the
electric part of the ZPF is ~E0, this is usually considered to be a Gaussian
random process and ~A0 is related to ~E0 by the usual Maxwell equation. ~B
is an external magnetic field introduced merely for convenience, and which
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can be made vanishingly small.
It can be shown that ~J in (3) satisfies the Quantum Mechanical commutation
relation for ~J × ~J . At the same time we can deduce from (3)
〈Jz〉 = −1
2
h¯ω0/|ω0| (4)
Relation (4) gives the correct Quantum Mechanical results referred to above.
From (3) we can extend the arguments and also deduce that
l = 〈r2〉 12 =
(
h¯
mc
)
(5)
(5) shows that the mean dimension of the region in which the fluctuation
contributes is of the order of the Compton wavelength of the electron. By
relativistic covariance (Cf.ref.[35]), the corresponding time scale is at the
Compton scale.
In (2) above if l is taken to be the Compton wavelength of a typical ele-
mentary particle, then we recover its energy mc2, as can be easily verified.
As mentioned Einstein himself had believed that the electron was a result of
such condensation from the background electromagnetic field (Cf.[39, 20] for
details).
3 Zitterbewegung
We note that from the realm of Quantum Mechanics the position coordinate
for a Dirac particle in conventional theory is given by
x = (c2p1H
−1t) +
ı
2
ch¯(α1 − cp1H−1)H−1 (6)
Infact as was argued in detail [5] the imaginary part is the same as of the
Compton wavelength.
It is at this stage that a proper physical interpretation begins to emerge.
Dirac himself observed, that to interpret (6) meaningfully, it must be re-
membered that Quantum Mechanical measurements are really averaged over
the Compton scale: Within the scale there are the unphysical zitterbewegung
effects: for a point electron the velocity equals that of light.
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Once such a minimum spacetime scale is invoked, then we have a non com-
mutative geometry as shown by Snyder more than fifty years ago [40, 41]:
[x, y] = (ıa2/h¯)Lz, [t, x] = (ıa
2/h¯c)Mx, etc.
[x, px] = ıh¯[1 + (a/h¯)
2p2x]; (7)
The relations (7) are compatible with Special Relativity. Indeed such min-
imum spacetime models were studied for several decades, precisely to over-
come the divergences encountered in Quantum Field Theory [5],[41]-[46],
[82, 48].
Before proceeding further, it may be remarked that when the square of a,
which we will take to be the Compton wavelength (including the Planck
scale, which is a special case of the Compton scale for a Planck mass viz.,
10−5gm), in view of the above comments can be neglected, then we return
to point Quantum Theory.
It is interesting that starting from the Dirac coordinate in (6), we can deduce
the non commutative geometry (7), independently. For this we note that the
α’s in (6) are given by
~α =
[
~σ 0
0 ~σ
]
,
the σ’s being the Pauli matrices. We next observe that the first term on the
right hand side is the usual Hermitian position. For the second term which
contains α, we can easily verify from the commutation relations of the σ’s
that
[xı, xj ] = βıj · l2 (8)
where l is the Compton scale.
We finally investigate what the angular momentum ∼ ~x × ~p gives - that is,
the angular momentum at the Compton scale. We can easily show that
(~x× ~p)z = c
E
(~α× ~p)z = c
E
(p2α1 − p1α2) (9)
where E is the eigen value of the Hamiltonian operator H . Equation (9)
shows that the usual angular momentum but in the context of the minimum
Compton scale cut off, leads to the “mysterious” Quantum Mechanical spin.
Thus ZPF, Zitterbewegung and noncommutativity (8) are closely interlinked.
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4 Electromagnetism
In a recent paper[49], we had argued that two-dimensional crystals like
graphene can be a possible test bed for High Energy Physics experiments
as behavior like zitterbewegung, Compton scale, noncommutative space-time
etc. are exhibited though at a different scale much like wind tunnels work
with Reynolds scaled down numbers.
For example, the Fermi velocity replaces the velocity of light, which is some
300 times higher.
It was also pointed out that such effects as minimum conductivity and the
Fractional Quantum Hall Effect get a remarkable derivation due to the non-
commutative nature of the space of these structures.
We would like to point out two new and important points in this context.
The first is that the magnetic field in this case is stronger than the usual
Maxwellian field [50] and in fact is now given by its expression in noncom-
mutative space:
Bl2 =
hc
e
(10)
In (10), symbols have their usual meaning except that l stands for the mini-
mum length, the lattice length in this case. This was deduced independently
by the author and Saito several years ago [51]-[53]. The experimentally ob-
served and mysterious minimum conductivity is given by
σ = 4
e2
h
. (11)
Again symbols have their usual meanings in (11). Remarkably (11) can
be deduced from the above considerations.1 What is equally remarkable is
that the magnetic field (10) and the electric current following from (11)
arise solely as a result of the noncommutative space geometry of these two-
dimensional crystalline structures. If we ”remove” the structure as being
imaginary, we see the origin of electromagnetism in (10) and (11) resulting
from the noncommutativity, which as pointed out is a consequence of the
ZPF or Dark Energy.
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5 A Further Approach to the Origin of Mass,
Spin and Interaction
In the nineteenth century the work of Faraday, Ampere and others showed
the close connection between the apparently totally dissimilar forces of elec-
tricity and magnetism. It was Maxwell who unified electricity not just with
magnetism but with optics as well[54].
In the early part of the twentieth century Einstein fused space and time, giv-
ing them an inseparable identity, the Minkowski spacetime[55]. He went on
to unify spacetime with Gravitation in his General Theory of Relativity[56].
However the unification of Electromagnetism and gravitation has eluded sev-
eral generations of physicists, Einstein included [57].
Meanwhile, thanks to the work of De Broglie and others, the newly born
Quantum Theory unified the two apparently irreconcilable concepts of New-
ton’s ”particles” and Huygen’s waves[58].
Yet another unification in the last century, which often is not recognised as
such is the fusion of Quantum Mechanics and Special Relativity by Dirac,
through his celebrated equation of the electron[58].
One more unification took place in the seventies due to the work of Salam,
Weinberg, Glashow and others– the unification of Electromagnetism with
the weak forces. This has given a new impetus to attempts for unifying all
interactions, gravitation included.
The weak force is one of two forces, the other being the strong force, discov-
ered during the twentieth century itself. Earlier studies and work revealed
that there seemed to be three basic particles in the Universe, the protons,
the neutrons and the electrons. While the proton and the electron interact
via the electromagnetic force, in the absence of this force the proton and the
neutron appear to be a pair or a doublet. However the proton and the neu-
tral neutron interact via ”strong forces”, forces which are about ten times
stronger than the electromagnetic but have a much shorter range of just
about 10−13cms. These are the forces which bind, for example, the protons
in the nucleus.
The existence of the neutrino was postulated by Pauli in 1930 to explain the
decay of the neutron, and it was discovered by Reines and Cowan in 1955.
The weak force which is some 10−13 times the strength of the electromag-
netic force is associated with neutrino type particles and has an even shorter
range, 10−16cms. The neutrino itself has turned out to be one of the most
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enigmatic of particles, with peculiar characteristics, the most important of
which is its handedness. This handedness property appears to be crucial for
weak forces.
Later work revealed that while particles like the electron and neutrino, namely
the leptons may be ”truly” elementary, particles like the protons may be com-
posite, infact made up of still smaller objects called quarks – six in all as we
saw in Chapter 1 [59]. Today it is believed that the quarks interact via the
strong forces or the QCD forces, we have already encountered.
All these “material” particles are Fermions, with half integral spin. Forces or
interactions while originating in Fermions, are mediated by messengers like
photons which are Bosons, with integral spin, spin 1 infact. This is crucial,
for, now there is the formalism of gauge theory which can describe all these
interactions. We briefly saw all this.
In this sense gravitation is not a gauge force. It is supposedly mediated by
particles of spin 2.
To picturize the above let us consider the interaction between a proton and
an electron. A proton could be imagined to emit a photon which is then
absorbed by the electron. These studies, in the late forties and fifties culmi-
nated in the highly successful theory of Quantum Electro Dynamics or QED.
Instead of a single mediating particle we could think of multiplets, all hav-
ing equal masses. With group theoretical inputs, one could shortlist, sin-
glets with one particle like the photon, triplets, octets and so on as possible
candidates[59].
Motivated by the analogy of electromagnetism mediated by the spin one
photon, it was realized in the fifties that the W+ and W− Bosons could be
possible candidates for the mediation of the weak force. However there had
to be one more messenger so that there would be the allowable triplet. It was
suggested by Ward and Salam that the third candidate could be the photon
itself, which would then provide not only a description of the weak force but
would also unify it with electromagnetism. However while the W particles
were massive, the photon was massless so that they could not form a triplet.
A heavy photon or Z0 was then postulated to make up a triplet, while the
photon was also used for the purpose of unification, and moreover a mixing
of Z0 and the photon was required for the well known renormalization, that
is the removal of infinities.
The question was how could the photon be massless while theW and Z parti-
cles would be massive? It was suggested that this could be achieved through
the spontaneous breaking of symmetry[59]. For example a bar magnet when
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heated, looses its magnetism. In effect the North and South pole symmetry
is broken. Conversely, when the magnet cools down, polarity or asymmetry
is restored spontaneously. This infact is a phase transition from symmetry
to asymmetry.
In our case, before the spontaneous breaking of symmetry or the phase tran-
sition, the W s, Zs, and the photons would all be massless. After the phase
transition, while the photons remain mass less, the others would acquire
mass. This phase transition would occur at temperatures ∼ 1015◦ Centi-
grade. At higher temperatures there would be a single electroweak force. As
the temperature falls to the above level Electromagnetism and weak forces
would separate out.
The next problem was, the inclusion of the strong forces. Clearly the direc-
tion to proceed appeared to be to identify the gauge character of the strong
force– mediated by spin one particles, the gluons. (The approach differed
from an earlier version of strong interaction in terms of Yukawa’s pions.)
This force binds the different quarks to produce the different elementary
particles, other than the leptons. This is the standard model. It must be
mentioned that in the standard model, the neutrino is a massless particle.
However we have not yet conclusively achieved a unification of the elec-
troweak force and the strong force. We proceed by the analogy of the elec-
troweak unification to obtain a new gauge force that has been called by
Jogesh Pati and Abdus Salam as the electro nuclear force, or in a similar
scheme the Grand Unified Force by Glashow and Georgi.
It must be mentioned that one of the predictions is that the proton would
decay with a life time of about 1032 years, very much more than the age
of the Universe itself. However some believe that we are near a situation
where this should be observable[60]. Others have given up on this idea. This
”unifying” theory as we saw in Chapter 1, still relies on eighteen arbitrary
parameters, apart from being plagued by problems like the ”hierarchy prob-
lem”, which arises from the widely different energies and therefore masses
associated with the various interactions, the as yet non-existent monopole,
infinities or divergences (which have to be eliminated by renormalization),
and so on [61]-[63], [64].
The super Kamiokande determination of neutrino mass in the nineties, is the
first evidence of what may be called, Physics beyond the standard model.
Interestingly in this theory we would also require a right handed neutrino in
this case.
Meanwhile extended particles had come into vogue from the seventies, with
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string theory[65, 66, 67]. Starting off with objects of the size of the Compton
wavelength, the theory of superstrings now deals with the Planck length of
about 10−33cms.
We have already noted that all interactions except Gravitation which is me-
diated by spin 2 gravitons are generalizations of the electromagnetic gauge
theory. String theory combines Special Relativity, and General Relativity -
we need ten, (9+1), dimensions for quantizing strings, and we also get a mass
less particle of spin two which is the mediator of the gravitational force. This
way there is the possibility of unifying all interactions including gravitation.
Further, in the above ten dimensions there are no divergences. This is be-
cause the spatial extension of the string fudges the singularities (or vertices).
However, we require, for verification of the string model, energies ∼ 1018mP ,
as against the presently available 103mP . For this and other reasons, as we
briefly saw in Chapter 1, String theory too is falling out of favour.
Modern Fuzzy Spacetime and Quantum Gravity approaches to the problem
deal with a non differentiable spacetime manifold. In the latter approach as
we saw there is a minimum spacetime cut off, with, what is nowadays called
a non commutative geometry, a feature shared by the Fuzzy Spacetime also
[40, 68, 39, 69, 70, 71]. The new geometry is given by, as seen repeatedly,
[dxµ, dxν ] ≈ βµνl2 6= 0 (12)
While equation (12) is true for any minimum cut off l, we will argue that it
is most interesting and leads to physically meaningful relations including a
rationale for the Dirac equation and the underlying Clifford algebra, when
l is at the Compton scale (Cf.ref.[39]). In any case given (12), the usual
invariant line element,
ds2 = gµνdx
µdxν (13)
has to be written in terms of the symmetric and nonsymmetric combinations
for the product of the coordinate differentials. That is, the right side of
equation (13) would become
1
2
gµν [(dx
µdxν + dxνdxµ) + (dxµdxν − dxνdxµ)] ,
In effect we would have
gµν = ηµν + khµν (14)
So the noncommutative geometry introduces an extra term, that is the second
term on the right side of (14). It has been shown in detail by the author that
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(12) or (13) lead to a reconciliation of electromagnetism and gravitation and
lead to what may be called an extended gauge formulation [72, 73, 74, 75].
The extra term in (14) leads to an energy momentum like tensor but it must
be stressed that its origin is in the non commutative geometry (12). All this
of course is being considered at the Compton scale of an elementary particle.
5.1 Compton Scale Considerations
As in the case of General Relativity [56, 17], but this time remembering that
neither the coordinates nor the derivatives commute we have
∂λ∂
λhµν − (∂λ∂νhµλ + ∂λ∂µhνλ)
− ηµν∂λ∂λh+ ηµν∂λ∂σhλσ = −kT µν (15)
It must be reiterated that the non commutativity of the space coordinates
has thrown up the analogue of the energy momentum tensor of General Rel-
ativity, viz., T µν . We identify this with the energy momentum tensor.
At this stage, we note that the usual energy momentum tensor is symmetric,
this being necessary for the conservation of angular momentum. This con-
dition does not hold in (15), and the circumstance requires some discussion.
Let us first consider the usual case with commuting coordinates [76]. Here
as is well known, we start with the action integral
S =
∫
Λ
(
q,
∂q
∂xı
)
dV dt =
1
c
∫
ΛdΩ, (16)
In (16) Λ is a function of the generalized coordinates q of the system, as
also their first derivatives with respect to the space and time coordinates. In
our case the q will represent the four potential Aµ (Cf.[76]) as will be seen
again in (35). Requiring that (16) should be stationery leads to the usual
Euler-Lagrange type equations,
∂
∂xı
∂Λ
∂q, ı
− ∂Λ
∂q
= 0 (17)
In (17), the summation convention holds. We also have from first principles
∂Λ
∂xı
=
∂Λ
∂q
∂q
∂xı
+
∂Λ
∂q,k
∂q,k
∂xı
(18)
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At this stage we note that in the usual theory we have in (18)
{
∂q,k
∂xı
− ∂q,ı
∂xk
}
= Alk,ı − Alı,k = 0 (19)
Using (19) it then follows that conservation of angular momentum requires
T ık = T kı, (20)
However in our case the right side of (19) does not vanish due to the non
commutativity of the coordinates and the partial derivatives, as will be seen
more explicitly in (35). This means that the condition (20) does not hold
for non commutative coordinates, and hence (15) does not contradict the
conservation of angular momentum. However there is new physics here and
this new physics will be seen in equations following from (35): we recover
electromagnetism as an effect.
Remembering that hµν is a small effect, we can use the methods of linearized
General Relativity [56, 17], to get from (15),
gµv = ηµv + hµv, hµv =
∫
4Tµv(t− |~x− ~x′|, ~x′)
|~x− ~x′| d
3x′ (21)
It was shown several years ago in the context of linearized General Relativity,
that for distances |~x − ~x′| much greater than the distance ~x′, that is well
outside the Compton wavelength in our case, we can recover from (21) the
electromagnetic potential (Cf.ref.[5] and references therein). We will briefly
return to this point.
In (21) we use the well known expansions [17]
T¯µν(t− |x− x′|, x′) =
∞∑
n=0
1
n
[
∂n
∂tn
T¯µν(t− r, x′)
]
(r − |x− x′|)n, (22)
r − |x− x′| = xj
(
xj
′
r
)
+
1
2
xjxk
r
(
xj
′
xk
′ − r′2δjk
r2
)
+ · · · , (23)
1
|x− x′| =
1
r
+
xj
r2
xj
′
r
+
1
2
xjxk
r3
(3xj
′
xk
′ − r′2δjk)
r2
+ · · · , (24)
where r ≡ |~x|. We note that
r = |~x| ∼ l (25)
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where l is of the order of the Compton wavelength. So the expansion of the
integral in (21) now gives using (23) and (24),
T
r
+ T ′ · 1
r
(r − |x− x′|) + 1
2
T ′′
(r − |x− x′|)
r
(26)
where primes denote the derivatives and we have dropped the superscripts
for the moment. Denoting (r−|x−x′|) ≡ r′, where 0 ≤ r′ ≤ r, we can write
〈r′〉 ≈ γrwhere γ ∼ 0(1) (27)
Finally the expansion gives on the use of (26) and (27), the expression
T
r
+ γT ′ +
γ2
2
T ′′ · r (28)
That is we have, from (21) and (28),
hµv = 4
∫ Tµv(t, ~x′)
|~x− ~x′| d
3x′ + (terms independent of~x) + 2
∫
d2
dt2
Tµv(t, ~x
′).|~x− ~x′|d3x′ + 0(|~x− ~x′|2) (29)
The last term in (29) can be neglected, as we are dealing with points near the
Compton wavelength. The first term gives on the use of (28), a Coulombic α
r
type interaction except that the coefficient α is of much greater magnitude
as compared to the gravitational or electromagnetic case, because in the
expansion (23) and (24) all terms are of comparable order. The second term
on the right side of (29) is of no dynamical significance as it is independent of
~x. The third term however is of the form constant ×r. That is the potential
(29) is exactly of the form of the QCD potential [11]
− α
r
+ βr (30)
In (30) α is of the order of the mass of the particle as follows from (29) and
the fact that T µν is the energy momentum tensor given by
T µν = ρuµuν (31)
where in (31), remembering that we are at the Compton scale, uı ∼ c. We
now deduce two relations which can be deduced directly from the theory of
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the Dirac equation [58]. We do it here to show the continuity of the above
theme. Remembering that from (12), we are within a sphere of radius given
by the Compton length where the velocities equal that of light, as noted
above, we have equations
|duv
dt
| = |uv|ω (32)
ω =
|uv|
R
=
2mc2
h¯
(33)
Alternatively as remarked, we can get (32) from the theory of the Dirac
equation itself [58], viz.,
ıh¯
d
dt
(uı) = −2mc2(uı),
Using (31), (32) and (33) we get
d2
dt2
T µv = 4ρuµuvω2 = 4ω2T µv (34)
Equation (34) too is obtained in the Dirac theory (loc.cit). Whence, as can
be easily verified, α and β in (30) have the correct values required for the
QCD potential (Cf. also [5]). (Alternatively βr itself can be obtained, as in
the usual theory by a comparison with the Regge angular momentum mass
relation: It is in fact the constant string tension like potential mentioned
in Chapter 1 which gives quark confinement and its value is as in the usual
theory [77]).
Let us return to the considerations which lead via a non commutative geom-
etry to an energy momentum tensor in (15). We can obtain from here the
origin of mass and spin itself, for we have as is well known (Cf.ref.[17])
m =
∫
T 00d3x
and via
Sk =
∫
ǫklmx
lTm0d3x
the equation
Sk = c < x
l >
∫
ρd3x·
16
While m above can be immediately and consistently identified with the mass,
the last equation gives the Quantum Mechanical spin if we remember that
we are working at the Compton scale so that
〈xl〉 = h¯
2mc
·
Returning to the considerations in (12) to (15) it follows that (Cf.ref.[72])
∂
∂xλ
∂
∂xµ
− ∂
∂xµ
∂
∂xλ
goes over to
∂
∂xλ
Γνµν −
∂
∂xµ
Γνλν (35)
Normally in conventional theory the right side of (35) would vanish. Let us
designate this non vanishing part on the right by
e
ch¯
F µλ (36)
We have shown here that the non commutativity in momentum components
leads to an effect that can be identified with electromagnetism and in fact
from expression (36) we have
Aµ = h¯Γµνν (37)
where Aµ ≡ q, which we encountered in (17), as noted can be identified
with the electromagnetic four potential and the Coulomb law deduced for
|~x−~x′| in (21) much greater than |~x′| that is well outside the Compton scale
(Cf.ref.[39] and also ref. [5]). (Cf. also equation (14)). Indeed we have re-
ferred to this in the discussion after (15). It must be mentioned that despite
non commutativity, we are using as an approximation the usual continuous
partial derivatives, though these latter do not commute amongst themselves
now. This facilitates the analysis and brings out the physical effects. In any
case as can be seen from (12), the effects are of the order l2.
To see this in the light of the usual gauge invariant minimum coupling
(Cf.ref.[5]), we start with the effect of an infinitesimal parallel displacement
of a vector in this non commutative geometry,
δaσ = −Γσµνaµdxν (38)
As is well known, (38) represents the effect due to the curvature and non
integrable nature of space - in a flat space, the right side would vanish.
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Considering the partial derivatives with respect to the µth coordinate, this
would mean that, due to (38)
∂aσ
∂xµ
→ ∂a
σ
∂xµ
− Γσµνaν (39)
Letting aµ = ∂µφ,, we have, from (39)
Dµν ≡ ∂ν∂µ → D′µν ≡ ∂ν∂µ − Γµλν∂λ
= Dµ − Γµλν∂λ (40)
Now we can also write
Dµν = (∂
µ − Γµλλ)(∂ν − Γλλν) + ∂µΓλλν + Γµλλ∂ν
So we get
Dµν − Γµλλ∂ν = (pµ)(pν)
where
pµ ≡ ∂µ − Γµλλ
Or,
Dµµ − Γµλλ∂µ = (pµ)(pµ)
Further we have
D′µµ = Dµµ − Γµλµ∂λ
Thus, (40) gives, finally,
D′µν = (pµ)(pν)
That is we have
∂
∂xµ
→ ∂
∂xµ
− Γνµν
Comparison with (37) establishes the required identification.
It is quite remarkable that equation (37) is mathematically identical to Weyl’s
unification formulation, though as noted this was not originally acceptable
because of the ad hoc insertion of the electromagnetic potential. Here in our
case it is a consequence of the geometry - the noncommutative geometry.
we have also described how in the usual commutative spacetime the Dirac
spinorial wave functions conceal the noncommutative character (12) [39].
Indeed we can verify all these considerations in a simple way as follows. To
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recapitulate, first let us consider the usual spacetime, in which the Dirac
wave function is given by
ψ =
(
χ
Θ
)
,
where χ and Θ are two component spinors. It is well known that under
reflection while the so called positive energy spinor Θ behaves normally, on
the contrary χ → −χ, χ being the so called negative energy spinor which
comes into play at the Compton scale. That is, space is doubly connected.
Because of this property as shown in detail [73], there is now a covariant
derivative given by, in units, h¯ = c = 1,
∂χ
∂xµ
→ [ ∂
∂xµ
− nAµ]χ (41)
where
Aµ = Γµσσ =
∂
∂xµ
log(
√
|g|) (42)
Γ denoting the Christofell symbols.
Aµ in (42)is now identified with the electromagnetic potential, exactly as in
Weyl’s theory except that now, Aµ arises from the bi spinorial character of
the Dirac wave function or the double connectivity of spacetime. In other
words, we return to (37) via an alternative (but connected) route.
What all this means is that the so called ad hoc feature in Weyl’s unification
theory is really symptomatic of the underlying noncommutative spacetime
geometry (12). Given (12) (or (14)) we get both gravitation and electro-
magnetism in a unified picture, because both are now the consequence of
spacetime geometry. We could think that gravitation arises from the sym-
metric part of the metric tensor (which indeed is the only term if 0(l2) is
neglected) and electromagnetism from the antisymmetric part (which mani-
fests itself as an 0(l2) effect). It is also to be stressed that in this formulation,
we are working with noncommutative effects at the Compton scale, this being
true for the Weyl like formulation also.
5.2 Remarks
As we saw, the Compton scale comes as a Quantum Mechanical effect, within
which we have zitterbewegung effects and a breakdown of causal Physics [58].
We, on the other hand have studied all this in the context of a non differen-
tiable spacetime and noncommutative geometry.
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Weinberg also noticed the non physical aspect of the Compton scale [78].
Elaborating on the non-causal behavior he goes on:
“There is only one known way out of this paradox. The second observer must
see a particle emitted at x2 and absorbed at x1. But in general the particle
seen by the second observer will then necessarily be different from that seen
by the first. For instance, if the first observer sees a proton turn into a neu-
tron and a positive pi-meson at x1 and then sees the pi-meson and some other
neutron turn into a proton at x2, then the second observer must see the neu-
tron at x2 turn into a proton and a particle of negative charge, which is then
absorbed by a proton at x1 that turns into a neutron. Since mass is a Lorentz
invariant, the mass of the negative particle seen by the second observer will
be equal to that of the positive pi-meson seen by the first observer. There is
such a particle, called a negative pi-meson, and it does indeed have the same
mass as the positive pi-meson. This reasoning leads us to the conclusion that
for every type of charged particle there is an oppositely charged particle of
equal mass, called its antiparticle. Note that this conclusion does not obtain
in non-relativistic quantum mechanics or in relativistic classical mechanics;
it is only in relativistic quantum mechanics that antiparticles are a necessity.
And it is the existence of antiparticles that leads to the characteristic feature
of relativistic quantum dynamics, that given enough energy we can create
arbitrary numbers of particles and their antiparticles.”
We reiterate however that in Weinberg’s analysis, one observer sees only pro-
tons at x1 and x2, whereas the other observer sees only neutrons at x1 and
x2 while in between, the first observer sees a positively charged pion and the
second observer a negatively charged pion. In a sense this is another per-
spective on the charge independence of strong interactions (or Heisenberg’s
isospin). We remark that in Weinberg’s explanation which is in the spirit of
the Feynman-Stuckleberg diagrams there is no charge conservation, though
the Baryon number is conserved. The explanation for this is to be found
in the considerations leading from (21) to (30) - within the Compton scale
we have the QCD interactions - electromagnetic interaction is outside the
Compton scale.
Our analysis uses the Compton length (and time) as the fundamental pa-
rameter. It may be added that there is a close parallel between the above
considerations and the original Dirac monopole theory: in the latter it is
the nodal singularity that gives rise to magnetism, while in the former, the
multiply connected nature of space (or non commutativity) gives rise to elec-
tromagnetism. This has been discussed in [52]and we will return to it. So
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too, it may be mentioned that the considerations in equations (32), (33) and
(34) are connected with Dirac’s membrane (and more recently and generally
the p-brane) theory [79] - though Dirac himself approached the membrane
problem from a different route. We will shortly come to this point.
Finally, it may be pointed out that Einstein himself always disliked the en-
ergy momentum tensor in his General Relativistic equation [80] as it was
mechanical and non geometric! Pleasingly, in the above formulation, this
term has a geometric origin - albeit, a non commutative geometry which also
provides a unified description of linearized General Relativity and Quantum
Mechanics.
5.3 Fuzzy Spacetime and Fermions
We now address the question: Can we take an alternative route to use Bosonic
Strings which are at the real world Compton scale to obtain a description
of Fermions without going to the Planck scale? We have already seen that
Bosonic particles could be described as extended objects at the Compton
scale. Let us rewrite, following Snyder, the following Lorentz invariant rela-
tions,
[x, y] = (ıa2/h¯)Lz, [t, x] = (ıa
2/h¯c)Mx, etc.
[x, px] = ıh¯[1 + (a/h¯)
2p2x]; · · · (43)
If a2 in (43) is neglected, then we get back the usual canonical commutation
relations of Quantum Mechanics. This limit to an established theory is an-
other attractive feature of (43).
However if order of a2 is retained then the first of equations (43) as we have
repeatedly seen, characterize a completely different spacetime geometry, one
in which the coordinates do not commute. This is a noncommutative geome-
try and indicates that spacetime within the scale defined by a is ill defined, or
is fuzzy [70]. Indeed in M-Theory too, we have a noncommutative geometry
like ((43)). As we started with a minimum extention at the Compton scale,
let us take a = (l, τ).
We also saw this by starting from the usual Dirac coordinate [58]
xı =
(
c2pıH
−1t
)
+
1
2
ch¯
(
αı − cpıH−1
)
H−1 (44)
where the α’s are given by
~α =
[
~σ 0
0 ~σ
]
, (45)
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the σ’s being the usual Pauli matrices. The first term on the right side of (44)
is the usual Hermitian position coordinate. It is the second or imaginary term
which contains ~α that makes the Dirac coordinate non Hermitian. However
we can easily verify from the commutation relations of ~α, using (45) that
[xı, xj ] = βıj · l2 (46)
In fact (46) is just a form of the first of equations (43) and brings out the
fuzzyness of spacetime in intervals where order of l2 is not neglected.
We now obtain a rationale for the Dirac equation and spin from (46) [81, 73].
Under a time elapse transformation of the wave function, (or, alternatively,
as a small scale transformation),
|ψ′ >= U(R)|ψ > (47)
we get
ψ′(xj) = [1 + ıǫ(ıxj
∂
∂xj
) + 0(ǫ2)]ψ(xj) (48)
Equation (48) can be shown to lead to the Dirac equation when ǫ is the
Compton time. A quick way to see this is as follows: At the Compton scale
we have,
|~L| = |~r × ~p| = | h¯
2mc
·mc| = h¯
2
,
that is, at the Compton scale we get the Quantum Mechanical spin from the
usual angular momentum. Next, we can easily verify, that the choice,
t =
(
1 0
0 − 1
)
, ~x =
(
0 ~σ
~σ 0
)
(49)
provides a representation for the coordinates in (43), apart from scalar fac-
tors. As can be seen, this is also a representation of the Dirac matrices.
Substitution of the above in (48) leads to the Dirac equation
(γµpµ −mc2)ψ = 0
because
Eψ =
1
ǫ
{ψ′(xj)− ψ(xj)}, E = mc2,
where ǫ = τ (Cf.ref.[82]).
All this is symptomatic of an underlying fuzzy spacetime described by a
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noncommutative space time geometry (46) or (43) [83].
The point here is that under equation (46) and (49), the coordinates xµ →
γ(µ)x(µ) where the brackets with the superscript denote the fact that there is
no summation over the indices. In fact, in the theory of the Dirac equation
it is well known [84]that,
γkγl + γlγk = −2gklI (50)
where γ’s satisfy the usual Clifford algebra of the Dirac matrices, and can be
represented by
γk =
√
2
(
0 σk
σk∗ 0
)
(51)
where σ’s are the Pauli matrices. Bade and Jehle noted that (Cf.ref.[84]), we
could take the σ’s or γ’s in (51) and (50) as the components of a contravariant
world vector, or equivalently we could take them to be fixed matrices, and
to maintain covariance, to attribute new transformation properties to the
wave function, which now becomes a spinor (or bi-spinor). This latter has
been the traditional route, because of which the Dirac wave function has its
bi-spinorial character. In this latter case, the coordinates retain their usual
commutative or point character. It is only when we consider the equivalent
former alternative, that we return to the noncommutative geometry (46).
That is, in the usual commutative spacetime the Dirac spinorial wave func-
tions conceal the noncommutative character (46).
5.4 A Modified Klein-Gordan Equation
Owing to the modified dispersion relation considered in the previous Chapter
we have,
(D + l2∇4 −m2)ψ = 0 (52)
where D denotes the usual D’Alembertian.
Just to get a feel, it would be interesting to consider the extra effect in (52).
For simplicity we take the one dimensional case. As in conventional theory
if we separate the space and time parts of the wave function we get
l2u(4) + u(2) + λu = 0, λ = E2 −m2 > 0 (53)
where u(n) denotes the nth space derivative.
Whence if in (53) we take,
u = eαx
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and α2 = β we get,
l2β2 + β + λ = 0
whence
β =
−1±√1− 4l2λ
2l2
So
β ≈ −1 ± {1− 2l
2λ}
2l2
(54)
From (54) it is easy to deduce that there are two extra solutions, as can be
anticipated by the fact that (52) is a fourth order equation, unlike the usual
second order Klein-Gordan equation. Thus we have
β = −λ(< 0)
giving the usual solutions, but additionally we have
β = −
(
1− λl2
l2
)
(< 0) (55)
What do the two extra solutions in (55) indicate? To see this we observe
that α is given by, from (55)
|α| ≈ ±1
l
(56)
In other words (56) corresponds to waves with wavelength of the order l,
which is intuitively quite reasonable.
What is interesting is that if l is an absolute length then the extra effect is
independent of the mass of the particle. In any case the solutions from (56)
are GZK violating solutions, arising as they do, from the modified energy
momentum formula of the previous Chapter.
We now make some remarks. Departures from Lorentz symmetry of the type
seen have as noted, been studied, though from a phenomenological point of
view [85, 86, 87, 88, 89, 90]. These arise mostly from an observation of Ultra
High Energy Cosmic Rays. Given Lorentz Symmetry, there is the GZK cut
off already alluded to, such that particles above this cut off would not be
able to travel cosmological distances and reach the earth. However as men-
tioned, there are indications of a violation of the GZK cut off (Cf.references
[85]-[90]).
In any case some of the effects can be detected, it is hoped by the GLAST
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Satellite [91].
Interestingly, if in (52) we take, −l2 rather than +l2, we get two real expo-
nential solution of (52). One of them is an increasing exponential leading to
very high probabilities for finding these particles.
5.5 A Modified Dirac Equation
Once we consider a discrete spacetime structure, the energy momentum re-
lation, as noted in the previous Chapter, gets modified [5, 92] and we have
in units c = 1 = h¯,
E2 − p2 −m2 + l2p4 = 0 (57)
l being a minimum length interval, which could be the Planck length or more
generally the Compton length. Let us now consider the Dirac equation
{γµpµ −m}ψ ≡ {γ◦p◦ + Γ}ψ = 0 (58)
If we include the extra effect shown in (57) we get
(
γ◦p◦ + Γ + βlp2
)
ψ = 0 (59)
β being a suitable matrix.
Multiplying (59) by the operator
(
γ◦p◦ − Γ− βlp2
)
on the left we get
p20 −
(
ΓΓ + {Γβ + βΓ}+ β2l2p4
}
ψ = 0 (60)
If (60), as in the usual theory, has to represent (57), then we require that the
matrix β satisfy
Γβ + βΓ = 0, β2 = 1 (61)
From the properties of the Dirac matrices [93] it follows that (61) is satisfied
if
β = γ5 (62)
Using (62) in (59), the modified Dirac equation finally becomes
{
γ◦p◦ + Γ + γ5lp2
}
ψ = 0 (63)
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Owing to the fact that we have [93]
Pγ5 = −γ5P (64)
It follows that the modified Dirac equation (63) is not invariant under re-
flections. This is a result which is to be expected because the correction to
the usual energy momentum relation, as shown in (57) arises when l is of
the order of the Compton wavelength. The usual Dirac four spinor
(
Θ
χ
)
as seen has the so called positive energy (or large) components Θ and the
negative energy (or small) components χ. However, when we approach the
Compton wavelength, that is as
p→ mc
the roles are reversed and it is the χ components which predominate. More-
over the χ two spinor as noted, behaves under reflection as [93]
χ→ −χ
In any case, as noted in the previous Chapter, this too provides an experi-
mental test. We can also see that due to the modified Dirac equation (63),
there is no additional effect on the anomalous gyromagnetic ratio. This is be-
cause, in the usual equation from which the magnetic moment is determined
[94] viz.,
d~S
dt
= − e
µc
~B × ~S,
where ~S = h¯
∑
/2 is the electron spin operator, there is now an extra term
[
γ5,
∑]
(65)
However the expression (65) vanishes by the property of the Dirac matrices.
We remark that it has already been argued in detail that [95, 5] as we ap-
proach the Compton wavelength, the Dirac equation describes the quark with
the fractional charge and handedness. Our above derivation and conclusion
is pleasingly in agreement with this result.
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6 Alternate Routes to Gravitation
Despite nearly a century of work, it has not been possible to achieve a uni-
fication of gravitation and electromagnetism. It must be borne in mind that
the tools used, be it Quantum Theory or General Relativity are deeply en-
trenched in differentiable space time manifolds - the former with Minkowski
space time and the latter with curved space time. The challenge has been, as
Wheeler noted [17], the introduction of Quantum Mechanical spin half into
General Relativity on the one hand and the introduction of curvature into
Quantum Mechanics on the other.
More recent models including Quantum Superstrings on the contrary deal
with extended and not point particles and lead to a non differentiable space-
time and a non commutative geometry (NCG) [96, 97, 98, 5].
Indeed way back in the 1930s, Einstein himself observed [99] ”...it has been
pointed out that the introduction of a space-time continuum may be consid-
ered as contrary to nature in view of the molecular structure of everything
which happens on a small scale. It is maintained that perhaps the success
of the Heisenberg method points to a purely algebraic method of description
of nature that is to the elimination of continuous fluctuations from physics.
Then however, we must also give up, by principle the space-time continuum.
It is not unimaginable that human ingenuity will some day find methods
which will make it possible to proceed along such a path.”
Even at the beginning of the twentieth century several physicists including
Poincare and Abraham amongst others were working unsuccessfully with the
problem of the extended electron [100, 101]. The problem was that an ex-
tended electron appeared to contradict Special Relativity, while on the other
hand, the limit of a point particle lead to inexplicable infinities. These in-
finities dogged physics for many decades. In fact the Heisenberg Uncertainty
Principle straightaway leads to infinities in the limit of spacetime points. It
was only through the artifice of renormalization that ’t Hooft could finally
circumvent this vexing problem, in the 1970s [102].
Nevertheless it has been realized that the concept of spacetime points is only
approximate. We are beginning to realize that it may be more meaningful to
speak in terms of spacetime foam, strings, branes, non commutative geome-
try, fuzzy spacetime and so on [69].
Indeed non commutativity arises if there is a minimum spacetime length as
shown a long time ago by Snyder [40]. What we will argue below is that once
the underlying non commutative nature of the geometry is recognized then
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it is possible to reconcile electromagnetism and gravitation. We will indicate
different but related approaches in this direction, suggested by the author.
These are over and above the usual Superstring or Loop Quantum Gravity
approaches.
6.1 NCG
It is well known that once we consider non zero minimum spacetime inter-
vals or equivalently extended particles as in Quantum Superstrings, then
consistent with Lorentz invariance, we have the following non commutative
geometry (Cf.refs.[96, 69, 5, 40]):
[x, y] = 0(l2), [x, px] = ıh¯[1 + l/h¯)
2p2x]etc. (66)
(and similar equations) where l, τ are the extensions of the space time coor-
dinates. This result of Snyder has been brought back into reckoning in recent
years by several scholars.
In conventional theory the space time coordinates as also the momenta com-
mute amongst themselves unlike in equation (66). It must be observed that
the non commutative relations are self evident, to the extent that xy or yx
is each of the order of l2, and so is their difference because of the non com-
mutativity.
The non commutative or in Witten’s terminology [66, 67], Fermionic feature
is symptomatic of the breakdown of the concept of the spacetime points and
point particles at small scales or high energies. As has been noted by Snyder,
Witten and several other scholars, the divergences encountered in Quantum
Field Theory are symptomatic of precisely such an extrapolation to space-
time points and which necessitates devices like renormalization.
Interestingly it has been shown that the commutation relations (66) lead
directly to the Dirac equation, on the one hand [103]. On the other hand,
it is interesting that a differential calculus over a non commutative algebra
uniquely determines a gravitational field in the commutative limit and that
there is a unique metric which remains as a classical ”shadow” as shown by
Madore [104].
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6.2 A Gauge like Formulation
In this latter context, we will now argue that it is possible for both elec-
tromagnetism and gravitation to emerge from a gauge like formulation. In
Gauge Theory, which is a Quantum Mechanical generalization of Weyl’s orig-
inal geometry, we generalize, as is well known, the original phase transfor-
mations, which are global with the phase λ being a constant, to local phase
transformations with λ being a function of the coordinates [106]. As is well
known this leads to a covariant gauge derivative. For example, the transfor-
mation arising from (xµ)→ (xµ + dxµ),
ψ → ψe−ıeλ (67)
leads to the familiar electromagnetic potential
Aµ → Aµ − ∂µλ (68)
The above transformation, ofcourse, is a symmetry transformation. In the
transition from (67) to (68), we expand the exponential, retaining terms only
to the first order in coordinate differentials.
Let us now consider the case where there is a minimum cut off in the
space time intervals. As we saw this leads to a noncommutative geometry
(Cf.ref.[105])
[dxµ, dxν ] = O(l
2) (69)
where l is the minimum scale. From (69) it can be seen that if O(l2) is
neglected, we are back with the familiar commutative spacetime. The new
effects of fuzzy spacetime arise when the right side of (69) is not neglected.
Based on this we saw that it is possible to reconcile electromagnetism and
gravitation [72, 73, 107, 108]. If in the transition from (67) to (68) we retain,
in view of (69), squares of differentials, in the expansion of the function λ we
will get terms like
{∂µλ} dxµ + (∂µ∂ν + ∂ν∂µ) λ · dxµdxν (70)
where we should remember that in view of (69), the derivatives (or the prod-
uct of coordinate differentails) do not commute. As in the usual theory the
coefficient of dxµ in the first term of (70) represents now, not the gauge term
but the electromagnetic potential itself: Infact, in this noncommutative ge-
ometry, we saw that this electromagnetic potential reduces to the potential
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in Weyl’s original gauge theory [106, 72].
Without the noncommutativity, the potential ∂µλ would lead to a vanishing
electromagnetic field. However Dirac pointed out in his famous monopole
paper in 1930 that a non integrable phase λ(x, y, z) leads as above directly
to the electromagnetic potential, and moreover this was an alternative for-
mulation of the original Weyl theory [58, 52].
Returning to (70) we identify the next coefficient with the metric tensor
giving the gravitational field:
ds2 = gµνdx
µdxν = (∂µ∂ν + ∂ν∂µ) λdx
µdxν (71)
Infact we can easily verify that ds2 of (71) is an invariant. We now specialize
to the case of the linear theory in which squares and higher powers of hαβ
can be neglected. In this case it can easily be shown that
2Γβµν = hβµ,ν + hνβ,µ − hµν,β (72)
where in (72), the Γs denote Christofell symbols. From (72) by a contraction
we have
2Γµµν = hµν,µ = hµµ,ν (73)
If we use the well known gauge condition [56]
∂µ
(
hµν − 1
2
ηµνhµν
)
= 0, where h = hµµ
then we get
∂µhµν = ∂νh
µ
µ = ∂νh (74)
(74) shows that we can take the λ in (70) as λ = h, both for the electromag-
netic potential Aµ and the metric tensor hµν . (73) further shows that the Aµ
so defined becomes identical to Weyl’s gauge invariant potential [57].
However it is worth reiterating that in the present formulation, we have a
noncommutative geometry, that is the derivatives do not commute and more-
over we are working to the order where l2 cannot be neglected. Given this
condition both the electromagnetic potential and the gravitational potential
are seen to follow from the gauge like theory. By retaining coordinate differ-
ential squares, we are even able to accommodate apart from the usual spin 1
gauge particles, also the spin 2 graviton which otherwise cannot be accom-
modated in the usual gauge theory. If however O(l2) = 0, then we are back
with commutative spacetime, that is a usual point spacetime and the usual
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gauge theory describing spin 1 particles.
We had reached this conclusion in [105], though from a different, nongauge
point of view. The advantage of the present formulation is that it provides a
transparent link with conventional theory on the one hand, and shows how
the other interactions described by non Abelian gauge theories smoothly fit
into the picture.
Finally it may be pointed out that the author had argued that a fuzzy space-
time input explains why the purely classical Kerr-Newman metric gives the
purely Quantum Mechanical anomalous gyromagnetic ratio of the electron
[109, 83], thus providing a link between General Relativity and electromag-
netism. This provides further support to the above considerations.
6.3 Gravitation
We can push the above consideration further. So far we have considered
only a coherent array. This is necessary for meaningful physics and leads
to the elementary particle masses and their other parameters as seen above.
Cercignani [110] had used Quantum oscillations, though just before the dark
energy era – these were the usual Zero Point oscillations, which had also been
invoked by the author in his model. Invoking gravitation, what he proved
was, in his own words, ”Because of the equivalence of mass and energy, we can
estimate that this (i.e. chaotic oscillations) will occur when the former will
be of the order of G[(h¯ω)c−2]2[ω−1c]−1 = Gh¯2ω3c−5, where G is the constant
of gravitational attraction and we have used as distance the wavelength. This
must be less than the typical electromagnetic energy h¯ω. Hence ω must be
less than (Gh¯)−1/2c5/2, which gives a gravitational cut off for the frequency
in the zero-point energy.”
In other words he deduced that there has to be a maximum frequency of
oscillators given by
Gh¯ω2max = c
5 (75)
for the very existence of coherent oscillations (and so a coherent universe).
We would like to point out that if we use the equation (??) encountered
above in equation (75) we get the well known relation
Gm2P ≈ h¯c (76)
which shows that at the Planck scale the gravitational and electromagnetic
strengths are of the same order. This is not surprising because it was the very
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basis of Cercignani’s derivation – if indeed the gravitational energy is greater
than that given in (76), that is greater than the electromagnetic energy, then
the Zero Point oscillators, which we have called the Planck oscillators would
become chaotic and incoherent – there would be no physics.
Let us now speak in terms of the background dark energy. We also use the
fact that there is a fundamental minimum spacetime interval, namely at the
Planck scale. Then we can argue that (76) is the necessary and sufficient
condition for coherent Planck oscillators to exist, in order that there be el-
ementary particles which as noted above has been shown to be the number
of n ∼ 1040 coherent Planck oscillators, and the rest of the requirements
for the meaningful physical universe. In other words gravitational energy
represented by the gravitation constant G given in (76) is a measure of the
energy from the background dark energy that allows a physically meaningful
universe – in this sense it is not a separate fundamental interaction.
It is interesting that (??) also arises in Sakharov’s treatment of gravitation
where it is a residual type of an energy [111, 112].
To proceed if we use the expression for the elementary particle mass M seen
above in terms of the Planck mass in (76), we can easily deduce
GM2 ≈ e
2
n
=
e2√
N
(77)
where now N ∼ 1080, the number of particles in the universe.
Equation (77) has been known for a long time as an empirical accident, with-
out any fundamental explanation. Here we have deduced it on the basis of
the Planck oscillator model. Equation (77) too brings out the relation be-
tween gravitation and the background Zero Point Field or Quantum vacuum
or dark energy. It shows that the gravitational energy has the same origin
as the electromagnetic energy but is in a sense a smeared out effect over the
N particles of the universe. In the context of the above considerations that
(77) is deduced and not empirical as in the past, we can now claim that (77)
gives the desired unified description of electromagnetism and gravitation.
6.4 Remarks
1. Another way of looking at the above distributional nature of Gravitation
is by considering the whole gravitational energy of an elementary particle
(like the pion) of mass M , with respect to all other N elementary particles
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in the universe. This is
E =
GNM2
R
(78)
where R is the extent of the universe. It has been shown elsewhere (this
also follows from (??) with ∆x = Compton wavelength L of the mass) by
different routes [113, 3] that
R =
√
NL (79)
Actually this is the well known Weyl-Eddington formula, also known empir-
ically for nearly a century. Here we stress the fact that (79) is not empirical,
but rather follows from the theory. Using (79) in (78) and equating it to the
electromagnetic energy of a single particle (with charge) viz., e2/L, we get
GM2 = e2/
√
N,
which is (77)). Here the gravitational energy of the particle, unlike its elec-
tromagnetic energy comes from its ”interaction” with all other particles in
the universe.
2. The question may still be asked, why cannot we get a scale smaller than
the Planck scale by choosing a mass smaller than the Planck mass? That
way we could get arbitrarily small intervals of space and time. That is, why
should Planck scale be a cut off. The answer to this question comes from
the fact that we are dealing with cooperative phenomena, that is a collec-
tion of oscillators. We could straightaway think of these oscillators as the
Phonons, thrown up by a crystalline array of atoms [114]. In this case there
is a maximal frequency given by,
ωmax = c/l (80)
For Phonons c and l in (80) refer to the speed of sound and the atom spacing,
but in our case they refer to the velocity of light and the length l defined
in Section 4. In this theory for frequencies greater than ωmax, there is total
chaos and no physics. Physics begins with this maximal frequency. This was
what we stressed at the beginning of Section 5. It can be seen that (80) is
essentially the same as (75) and leads to (76). The important point here is
that the Planck scale now emerges as a result of a cooperative phenomena,
rather than being ad hoc taken as a minimum scale, as was done by Sakharov.
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6.5 Conclusion
1. We have thus argued from different points of view to show a convergence
of gravitation with electromagnetism. However the common denominator is
that spacetime is not a differentiable continuum, but rather has a non com-
mutative structure. Thus in one approach this leads to the energy momentum
tensor, directly from geometry itself as seen in (??). In fact Einstein him-
self had been unhappy about the fact that while the left side of his General
Relativistic equation was purely geometrical, the right side with the energy
momentum tensor was purely physical. In another approach, gravitation
could be included in a gauge like formulation wherein terms ∼ O(l2) are
retained. We revert to the usual non Abelian gauge theory or differentiable
spacetime geometry if this term is neglected. In this theory however, there
is no unified description of gravitation, as stressed by Witten.
2. Finally it is possible to consider the universe to have an underpinning
of oscillators in the background dark energy. This leads to a meaningful
description of the universe of elementary particles and also of black hole
thermodynamics. Finally it provides a description of gravitation, not as a
separate fundamental interaction, but rather as the energy of the background
dark energy that is a result of the fact that there is a minimum fundamental
spacetime interval in the universe. It is worth noting that Einstein’s elevator
experiment itself points to a rather ”spooky” no real character of gravitation
[115]
7 Higgs Mechanism
[ref:IJTP Joseph Kounheir and BGS] It is well known that Hermann Weyl’s
original phase transformation proposal was generalized, so that the global
or constant phase of λ was considered to be a function of the coordinates
[39, 116, 117, 118].
As is well known this leads to a covariant gauge derivative. For example, the
transformation arising from (xµ)→ (xµ + dxµ),
ψ → ψe−ıλ (81)
leads to the familiar electromagnetic potential gauge,
Aµ → Aµ − ∂µλ (82)
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The above transformation, ofcourse, is a symmetry transformation. In the
transition from (81) to (82), we expand the exponential, retaining terms only
to the first order in coordinate differentials.
Let us now consider the gauge field in some detail. As is known this could be
obtained as a generalization of the above phase function λ to include fields
with internal degrees of freedom. For example λ could be replaced by Aµ
given by [116]
Aµ =
∑
ı
Aıµ(x)Lı, (83)
The gauge field itself would be obtained by using Stoke’s Theorem and (83).
This is a very well known procedure: considering a circuit, which for simplic-
ity we can take to be a parallelogram of side dx and dy in two dimensions,
we can easily deduce the equation for the field, viz.,
Fµν = ∂µAν − ∂νAµ − ıq[Aµ, Aν ], (84)
q being the gauge field coupling constant.
In (84), the second term on the right side is typical of a non Abelian gauge
field. In the case of the U(1) electromagnetic field, this latter term vanishes.
Further as is well known, in a typical Lagrangian like
L = ıψ¯γµDµψ − 1
4
F µνFµν −mψ¯ψ (85)
D denoting the Gauge covariant derivative, there is no mass term for the
field Bosons. Such a mass term in (85) must have the form m2AµAµ which
unfortunately is not Gauge invariant.
This was the shortcoming of the original Yang-Mills Gauge Theory: The
Gauge Bosons would be massless and hence the need for a symmetry break-
ing, mass generating mechanism.
The well known remedy for the above situation has been to consider, in anal-
ogy with superconductivity theory, an extra phase of a self coherent system
(Cf.ref.[116] for a simple and elegant treatment and also refs. [117] and [119]).
Thus instead of the gauge field Aµ, we consider a new phase adjusted gauge
field after the symmetry is broken
Wµ = Aµ − 1
q
∂µφ (86)
The field Wµ now generates the mass in a self consistent manner via a Higgs
mechanism. Infact the kinetic energy term
1
2
|Dµφ|2 , (87)
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where Dµ in (87) denotes the Gauge , now becomes
|Dµφ0|2 = q2|Wµ|2|φ0|2 , (88)
Equation (88) gives the mass in terms of the ground state φ0.
The whole point is as follows: The symmetry breaking of the gauge field
manifests itself only at short length scales signifying the fact that the field is
mediated by particles with large mass. Further the internal symmetry space
of the gauge field is broken by an external constraint: the wave function has
an intrinsic relative phase factor which is a different function of spacetime
coordinates compared to the phase change necessitated by the minimum cou-
pling requirement for a free particle with the gauge potential. This cannot
be achieved for an ordinary point like particle, but a new type of a physical
system, like the self coherent system of superconductivity theory now inter-
acts with the gauge field. The second or extra term in (86) is effectively an
external field, though (88) manifests itself only in a relatively small spatial
interval. The φ of the Higgs field in (86), in analogy with the phase function
of Cooper pairs of superconductivity theory comes with a Landau-Ginzburg
potential V (φ).
Let us now consider in the gauge field transformation, an additional phase
term, f(x), this being a scalar. In the usual theory such a term can always be
gauged away in the U(1) electromagnetic group. However we now consider
the new situation of a noncommutative geometry viz.,
[dxµ, dxν ] = Θµνβ, β ∼ 0(l2) (89)
where l denotes a minimum spacetime cut off. Equation (89) is infact Lorentz
covariant. Then the f phase factor gives a contribution to the second order
in coordinate differentials,
1
2
[∂µBν − ∂νBµ] [dxµ, dxν ]
+
1
2
[∂µBν + ∂νBµ] [dx
µdxν + dxνdxµ] (90)
where Bµ ≡ ∂µf .
As can be seen from (90) and (89), the new contribution is in the term
which contains the commutator of the coordinate differentials, and not in
the symmetric second term. Effectively, remembering that Bµ arises from the
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scalar phase factor, and not from the non-Abelian gauge field, in equation
(84) Aµ is replaced by
Aµ → Aµ +Bµ = Aµ + ∂µf (91)
Comparing (91) with (86) we can immediately see that the effect of non-
commutativity is precisely that of providing a new symmetry breaking term
to the gauge field, instead of the φ term, (Cf.refs. [120, 121]) a term not
belonging to the gauge field itself.
On the other hand if we neglect in (89) terms ∼ l2, then there is no extra con-
tribution coming from (90) or (91), so that we are in the usual non-Abelian
gauge field theory, requiring a broken symmetry to obtain an equation like
(91).
To see this in greater detail, we note that, as shown by the author in early
2000 [122] given a minimum length l, the energy momentum relation gets
modified. The usual Quantum Mechanical commutation relations get modi-
fied and now become
[x, p] = h¯′ = h¯[1 +
(
l
h¯
)2
p2] etc (92)
(Cf. also ref.[123]). (92) shows that effectively h¯ is replaced by h¯′. So, in
units, h¯ = 1 = c,
E = [m2 + p2(1 + l2p2)−2]
1
2
or, the energy-momentum relation leading to the Klein-Gordon Hamiltonian
is given by,
E2 = m2 + p2 − 2l2p4, (93)
neglecting higher order terms. This is the so called Snyder-Sidharth Hamil-
tonian for Bosons [124]. (It may be mentioned that some other authors have
since ad hoc taken a third power of p, and so on [125]. However we should
remember that these were mostly phenomenological approaches.)
For Fermions the analysis can be more detailed, in terms of Wilson lattices
[92]. The free Hamiltonian now describes a collection of harmonic fermionic
oscillators in momentum space. Assuming periodic boundary conditions in
all three directions of a cube of dimension L3, the allowed momentum com-
ponents are
q ≡
{
qk =
2π
L
vk; k = 1, 2, 3
}
, 0 ≤ vk ≤ L− 1 (94)
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(94) finally leads to
Eq = ±
(
m2 +
3∑
k=1
a−2sin2qk
)1/2
(95)
where a = l is the length of the lattice, this being the desired result leading
to
E2 = p2e2 +m2c4 + αl2p4 (96)
(96) shows that α is positive, that is for Fermions the Snyder-Sidharth Hamil-
tonian is given by (96).
8 Cosmic Radio Wave Background and Cos-
mic Microwave Background [126]
There is another cosmological signal of dark energy [93, 14]. As it is the
all pervading ZPF, we recall that the ZPF causes the Lamb Shift (as well
as, via Zitterbewegung, the Darwin term). This, in the Hydrogen atom is
∼ 1000MHz or about 30cm wavelenth, corresponding to the radio region.
Considering the several dissipative processes in space, we could expect that
the ZPF would leave isotropic radio waves, not tied to any specific radio
source in the sky. These would have a wavelength of 30cm or more. Such
radio waves are difficult to detect on the earth due to the ionosphere which
reflects radio waves coming from outer space. In very recent years, we have
received information from very high altitude balloon borne experiments. In-
deed such a residual radio signal otherwise inexplicable, matching exactly
these values were observed by NASA’s ARCADE 2 experiment by A. Kogut
and co-workers [127].
On the other hand the cosmic photons are at a low temperature and in-
volve a whole range of wavelengths from a microwave and less to radio waves
and more. These cold cosmic photons are known to be of a temperature of
about 3◦K. In this state they form a vast assembly of nearly mono ener-
getic photons. It was shown by the author a long time ago [5] that such an
assembly would have what was called a microwave condensation, that is all
these cosmic cold photons would condense to a peek value of about 3.5mm
corresponding to the cosmic microwave background radiation.
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9 Discussion
Zitterbewegung and Zero Point Field (and noncommutative geometry follow-
ing their equations) appear as effects that are just outside the strict limits of
physics, be it Classical or Quantum. We have clubbed these two extra effects
as one as coming under the broad name dark energy. Nevertheless these
effects are of utmost importance. Zitterbewegung is the interplay between
the positive and negative energy solutions of the Dirac equation and as Dirac
himself pointed out, to restore our usual physics, we have to average over the
Compton wavelength. As discussed in detail by the author [128] it is this
interplay between the positive and negative energy solutions that gives rise
to mass. It is of course known [93] that solutions with only one sign of energy
will lead to totally unphysical effects– in fact such single energy solutions are
not compatible with our concepts of luminal or sub luminal velocities. In its
absence there will be no mass and vice versa there will not be any mixing of
positive and negative energy solutions. Likewise ZPF gives rise to such extra
effects as superfluidity at near absolute zero temperature, the lamb shift and
so on.
10 Dark Energy and Gravitation
We started the paper with an allusion to the 1997 cosmology of Sidharth.
This cosmology lead to the description of an universe accelerating with a
small cosmological constant, apart from reproducing several well known but
ad hoc observational relations like the Weinberg formula, the Eddington-
Dirac formula or the Electromagnetic-Gravitation forces ratio and so on
[112]. On the other hand the early physicists faced the well known cos-
mological constant problem [129]. According to these earlier calculations the
cosmological constant would be more than 10100 times its observed value,
that is the universe would have blown up almost instantaneously. So what
was the problem? Zeldovich and several others had worked with the Zero
Point Field, but at the Planck scale. The author had worked on the other
hand at the Compton scale. His Planck oscillator model would reproduce
the Compton scale from the Planck scale [112].
Before examining this point a little more, it is worth mentioning that ideas
some what similar to those proposed in the author’s cosmology were put for-
ward by Nernst, earlier in the last century in the pre Quantum era [130].
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Our answer is to put it succinctly: The Planck scale is important for gravi-
tation, a circumstance that can be completely understood in Classical terms.
This is because the Planck scale essentially describes a black hole with the
Planck radius, a completely Classical phenomenon. But as argued in detail
[112], this description of the Zero Point Field is Classical rather than Quan-
tum, even though it includes the Classical Zero Point Field of superfluidity.
Such Planck scale phenomenon which are tied up with gravitation, and the
Planck length, up to a maximum frequency of 1044/sec. This is nothing but,
mP c
2/h¯, where mP is the Planck mass. This description gives the correct
Newtonian gravitation constant.
However beyond these frequencies the transition to the Compton scale, for
example via the Planck oscillator takes place. For example Beck and Mackey
[131] have described a phase transition at the maximum frequency of 1.7THz.
It is not exactly clear what the physical measurements of this cut off is. The
point is that beyond this cut off, the same Zero Point Field transits from the
Classical Zero Point Field gravitation picture to the Quantum Mechanical
Zero Point Field, more familiarly known as the Electromagnetic Zero Point
Field. This operates at the Compton wavelength and was the basis for the
author’s 1997 cosmology. To put it in another way Classical ideas loose their
validity above the Planck frequency.
This phase transition has also been described by the author in detail [112],
in the nineties, via the Landau-Ginsburg equation, starting from the most
elementary (that is Planck scale) state, or Quantum foam in the case is the
Landau-Ginsburg coherence length which is the Compton length. This would
also explain the hierarchy problem to the extent that there is such a wide gap
between the Planck scale and the elementary particle Compton scale. More-
over herein we find a ”unification” of gravitation and electromagnetism.
So a Classical description including that of a Planck mass black hole with
frequency 1043 per second is valid for gravitation.
Beyond this frequency, we come to the Quantum Mechanical universe where
the electromagnetic interactions would have decoupled from gravitation.
11 Conclusions
A century ago, Nernst put forward the first ideas of a cosmology based on the
Lorentz invariant Zero Point Field, which had to be invoked to explain su-
perfluidity of Helium 4. Ideas of the Zero Point Field in cosmology persisted
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thereafter, though in a different form, having been invoked by researchers like
Zeldovich and Weinberg. This quickly lead to the famous cosmological con-
stant problem. The universe would blow out soon after its birth because the
cosmological constant turns out to be more than a 100 magnitudes greater
than what was accepted.
Then, in 1997 the author put forward his cosmology at a time when the rul-
ing paradigm was the standard big bang model in which dark matter would
cause the universe to decelerate. On the contrary in the author’s model the
universe would accelerate, though with a small cosmological constant, driven
by the same Zero Point Field. The author’s cosmology was completely vindi-
cated a year later thanks to observations of Perlmutter, Schmidst and Riess.
Moreover in this scheme the so called large number relations made famous
by Dirac, all tumbled out as a consequence, rather than being ad hoc and
miraculous coincidences.
It is stressed in this talk that the Zero Point Field – or Dark Energy as it
came to be called – in the author’s model is rather different from the ear-
lier ideas. It is shown that the old ideas would be relevant if for example
one starts from Wheeler’s Quantum foam, or the Quantum Vacuum and
continues in the same way. This gives a Planckian description suitable for
gravitation. However in the author’s work, the Quantum Vacuum would
transition into a new Zero Point Field or Dark Energy that would operate at
the electromagnetic Compton wavelength, rather than at the Planck length
as in the older version. One way to describe this transformation is through
a Landau-Ginsburg phase transition mechanism. More recently Beck and
Mackey have also explained such a phase transition to the electromagnetic
Zero Point Field or Dark Energy though it is not clear what their cut off
frequency physically means. This phase transition would also explain the
hierarchy problem: why is there the large gap between the Planck scale and
the scale of elementary particles? Finally we would like to argue that herein
lies a unified description of gravitation and electromagnetism.
Finally it may be reiterated that ZPF is ”free energy” that defies the Law
of Conservation of energy of Classical Theory: it appears when there is no
other source of energy. This ZPF is given by Quantum Mechanical consider-
ations, and in the formulation of stochastic electrodynamics, conversely gives
Quantum Mechanics. It is at the borders of Classical Physics and Quantum
Mechanics a la the Quantum Foam, which latter can be viewed as an ocean
of Planck sized black holes, the minimum points in the universe. Also at
this juncture with Quantum Mechanical amplitudes applied to these points
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of the Quantum Foam as described by the author in detail from the late
1990s (Cf.ref.[112]), we can derive a schrodinger equation, more correctly a
nonlinear schrodinger equation which is nothing but the Landau-Ginsburg
equation that leads by a phase transition to the Compton scale. This was
the starting point for the author’s 1997 cosmology.
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